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BACKGROUND OF THE P^NTIQN 
L Field of the Invention 

The present invention relates to a liquid crystal electro-optical device 
5 which is superior in both electrical characteristics and contrast and which can 
provide bright and uniform display over the entire screen. 
2. Description of the Related Art 

A liquid crystal electro-optical device is constructed such that a liquid 
crystal material, which is generally an organic material, is interposed between a pair of 
10 substrates. Light traveling through the liquid crystal material is modulated by 
varying the intensity of an electric field developing between electrodes formed n 
the pair of substrates. Display is a result of this optical modulation. 

Therefore, if a particular electrical signal is applied to an electrode, it can be 
displayed as a visually recognizable state. Further, a desired image can be formed by 
IS applying image data to a plurality of electrodes. 

The above conventional optical modulation used in liquid crystal electro- 
optical devices is effected in the following manner. The orientation of liquid crystal 
molecules is changed to be parallel with or perpendicular to the substrates by 
changing the intensity of an electric field developing perpendicularly to the 
20 substrates. 

In this case, in general, light is modulated by utilizing the optical 
anisotropy, which is one of the features of the liquid crystal material. Therefore, a 
polarizing plate is disposed in this device to linearly polarize incident light. 

However, in the liquid crystal electro-optical device which operates in the 
25 above manner, although a normal display state can be obtained when it is viewed 
from the direction perpendicular to the display screen, it exhibits dark, unclear display 
when viewed obliquely. In the case of color display, oblique viewing causes display 
in an unintended color. 

This phenomenon is explained as follows from the relationship between 
30 output light of the liquid crystal electro-optical device and orientation of liquid 
crystal molecules. 



With a scheme in which liquid crystal molecules are oriented 
perpendicularly to the substrates, there is obtained for certain display an orientation 
state that the major-axes of liquid crystal molecules are arranged in the same 
direction. In this case, output light is observed from a surface perpendicular to the 
liquid crystal arrangement direction. 

In this state, if the device is viewed from a direction somewhat deviated 
from the perpendicular direction, the line of observation is deviated as much from the 
direction of the major axes of liquid crystal molecules. This means that the output 
light greatly depends on the viewing direction. Thus, the viewing angle 
characteristic with respect to a viewer such that the performance deteriorates as the 
viewing direction deviates from the perpendicular direction. 

To solve the above problem, there has been proposed an operation mode 
which is different from that in conventional liquid crystal electro-optical devices. In 
this operation mode, the optical characteristics are changed by rotating liquid crystal 
molecules only in a plane parallel with the substrates. This operation mode, which 
will be hereinafter called "IPS mode," is described in detail in Japanese Examined 
Patent Publication No. Sho. 63-21907. 

In the IPS mode, an electric field is formed between a pair of electrodes 
formed on a single substrate and hence its main component is parallel with the 
substrate and a liquid crystal layer. The electric field causes liquid crystal molecules 
to rotate in a plane parallel with the substrate. Therefore, the IPS mode solves the 
above-mentioned viewing angle problem resulting from the vertical alignment of 
liquid crystal molecules in a certain aspect of operation. 

However, a polarizing plate is indispensable in the IPS mode because light 
and shade display is attained by utilizing the birefringence due to the optical 
anisotropy of a liquid crystal material. The use of the polarizing plate is a factor of 
reducing the light transmittance because absorbs a considerable part of incident light. 

Various types of liquid crystal electro-optical devices have been proposed 
which decrease the degree of reduction in light transmittance caused by the 
polarizing plate. Among those techniques is a guest-host mode which does not 
require any polarizing plate and which can utilize, without any alteration, the 
manufacturing techniques of conventional liquid crystal electro-optical devices. In 



particular, an operation mode invented by White and Taylor, which will be hereinafter 
called "WT mode," is typical of the guest-host mode. 

In general, the guest-host mode is an operation mode which utilizes a 
dichroic dye added to a liquid crystal material. The term "guest-host mode" derives 
S from the fact that the liquid crystal molecules and the dichroic dye are regarded as a 
host and a guest, respectively. 

In the case of WT mode, a phase transition occurs, in which the cholesteric 
liquid crystal is transited to the nematic phase. This is caused by voltage non- 
application/application switching. Therefore, selection between light absorption and 
10 transmission is effected. 

The guest-host mode that does not require any polarizing plate is disclosed 
in "Liquid Crystal Display," supervised by T. Ohkoshi, edited by the Institute of 
Television Engineers of Japan, pp. 84-94, and "Fundamentals of Liquid Crystals and 
their Application to Displays," M. Yoshino and M. Ozaki, Corona Publishing Co., 
15 Ltd., pp. 143-147. 

However, in conventional guest-host mode liquid crystal electro-optical 
devices, the optical axes of liquid crystal molecules are equally arranged in the 
direction perpendicular to the substrate surface in a light transmission state (Fig. 5). 
As a result, the above-mentioned viewing angle problem occurs even in the guest- 
20 host type liquid crystal electro-optical devices. For example, even in a non-colored 
state with application of an electric field, the screen is colored at certain viewing 
angles. 

As described above, although the liquid crystal electro-optical device that 
operates in the IPS mode has the advantage of a wide viewing angle, it is 
25 disadvantageous in that the brightness is low due to the use of a polarizing plate. 

In contrast, the guest-host mode that does not require any polarizing plate 
has the advantage that it can output incident light without decreasing its intensity, 
that is, it can efficiently utilize light. However, like other conventional liquid crystal 
electro-optical devices, this mode has the problem of a strong dependence on the 
30 viewing angle, 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide, by solving the above 
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problems, a liquid crystal electro-optical device which has both of the advantage of 
the IPS mode, i.e., the superior viewing angle characteristic and the advantage of the 
guest-host mode, i.e., the efficient utilization of light. 

The present invention is applied to a liquid crystal electro-optical device of 
5 a lateral electric field driving type, and is characterized in that light transmission and 
absorption are performed by a light modulating layer that is constituted of a liquid 
crystal. In particular, the invention enables display without using any polarizing 
plate. 

More specifically, according to one aspect of the invention, there is 
10 provided a liquid crystal electro-optical device comprising a pair of substrates at least 
one of which is transparent; a light modulating layer interposed between the pair of 
substrates, the light modulating layer including a liquid crystal, an optically active 
substance, and a dichroic dye; and means for applying an electric field in a direction 
parallel with the pair of substrates. 
15 According to another aspect of the invention, there is provided a liquid 

crystal electro-optical device comprising a pair of substrates at least one of which is 
transparent; a light modulating layer interposed between the pair of substrates, the 
light modulating layer including a liquid crystal, an optically active substance, and a 
dichroic dye; means provided on at least one of the pair of substrates, for orienting 
20 the light modulating layer; and means for applying an electric field in a direction 
parallel with the pair of substrates. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. lA and IB schematically show a TFT substrate of a liquid crystal 
electro-optical device according to an embodiment of the present invention; 
25 Fig. 2 is schematic sectional view of the liquid crystal electro-optical 

device of the embodiment; 

Fig. 3 illustrates a light absorption state of the liquid crystal electro-optical 
device of the embodiment; 

Fig. 4 illustrates a light transmission state of the liquid crystal electro- 
30 optical device of the embodiment; and 

Fig. 5 illustrates a light transmission state of a conventional liquid crystal 
electro-optical device. 
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DETAILED nFSrRTPTION OF THF PREFRRRFD FMBODIMFNT 
Fig. 2 show a specific configuration of a liquid crystal electro-optical 
device according to an example of the present invention. 

In Fig. 2, each of a first substrate 101 and a second substrate 201 is 
transparent and is made of a material having a certain level of strength with respect to 
external force, examples of which are inorganic materials such as glass and quartz. 

A liquid crystal material serving as a light modulating layer 204 is 
interposed between the substrates 101 and 201. The liquid crystal material is a liquid 
crystal containing a dichroic dye and an optically active substance therein. 

A metal material such as copper, aluminum, tantalum, titanium, or chromium, 
and a silicide material are used as an electric field applying means. Other examples of 
the electric field applying means are transparent conductive materials such as TTO 
(indium tin oxide), tin oxide, and indium oxide. 

A sealing member 202 is formed into a desired pattern to serve as an 
adhesive to bond the substrates 101 and 202 together. 

Spacers 203 are used to secure that the interval between the substrates 
101 and 201 are uniform over the entire cell. 

In the invention, the cell parameters of the liquid crystal electro-optical 
device are determined as follows to provide superior display performance: 

(1) The wavelength n (generally 380-780 nm) of incident light, the 
refractive index anisotropy An, and the spiral pitch p have a relationship n i An • p. 

(2) The spiral pitch p [tan] is in a range of 1 s p s 15. 

(3) The cell thickness d [tan] is in a range of 1 s d slO. 

(4) The orientation twist angle n of liquid crystal molecules as measured 
between the bottom and top substrates 101 and 201 is in a range of n s 300'. 

(5) The interelectrode distance L is in a range of L < 25 ^ (the lower limit 
is about l/on). 

The driving method may be of an active matrix type, a multiplex type, or 

the like. 

In the case of the multiplex driving method, it suffices that only two types 
of electrodes, i.e., a display electrode and a reference electrode, be formed on the first 
substrate 101. On the other hand, in the active matrix driving method, it is necessary 



to additionally form, for each pixel, a switching element, which is a non-linear element 
such as a thin-film transistor (TFT) or diode. 

The TFT may be of a type having an a-Si (amorphous silicon) or p-Si 
(polysilicon) active layer. In the case of the active matrix driving method, the driving 
5 element may have the known staggered or inverted staggered structure. 

The electrode cross-section may not only assume a rectangle or a trapezoid 
but also be a gentle or curved cross-section. A gentle electrode cross-section can 
provide a lateral electric field having a smooth variation in strength. 

The opposed substrate 201 may be made of the same kind of material as 
10 the substrate 101 on which TFTs are formed. Although there is no particular reason 
for forming an electrode on the opposed electrode, an electrode may be formed on 
part or aD of its surface when necessary. In this case, the electrode may be made of 
one of the above-mentioned metal materials or a transparent material such as ITO. 

To improve the contrast, it is effective to provide a means (black matrix) for 
15 light-shielding portions that do not relate to display on the opposed substrate 201 or 
the TFT substrate 101, or both. The light-shielding means may be made of a metal 
such as Cr, a polymeric material in which a black pigment is dispersed, or a like 
material. 

The liquid crystal may be a nematic liquid crystal, for instance. An 
20 optically active substance is added to the liquid crystal to have it assume a cholesteric 
phase. It is desired that the concentration of the dichroic dye be about 1 wt% with 
respect to a mixture containing the liquid crystal. 

In this case, a nematic liquid crystal is utilized. However, using other liquid 
crystals assuming a cholesteric phase, the same effect can be obtained. 
25 This embodiment employs a combination of a nematic liquid crystal added 

by an optically active substance and a dichroic dye (positive type). 

Either the reflection-type or transmission-type display mode may be 
employed. In the reflection-type display mode, a reflection plate made of a metal, for 
instance, is formed on one of the two substrates. The metal reflection plate can also 
30 serve as electrodes for pbcels, etc. 

A description will now be made of the principle of switching of the liquid 
crystal electro-optical device according to the invention. 
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When no electric field is applied, liquid crystal/dichroic dye molecules in 
the light modulating layer are so oriented as to assume a spiral as shown in Fig. 3. In 
this state, major axes of dichioic dye molecules contained in the liquid crystal material 
are parallel with the substrates and are directed to any directions around the axis that 
5 is perpendicular to the substrates. Therefore, any polarization components of 
incident natural light are absorbed, to attain a dark state. 

On the other hand, when an electric field is applied, liquid crystal/dichroic 
dye molecules are oriented parallel with the electric field direction. Since the electric 
field is applied parallel with the substrates, major axes of liquid crystal molecules and 
10 dichroic dye molecules contained in the liquid crystal material are made parallel with 
not only the substrates but also a given direction. 

If a positive dye is used, light traveling along the major axis direction of 
dichroic dye molecules is absorbed. However, light traveling in a direction that is 
deviated from the major axis direction is not absorbed much. Therefore, part of the 
15 incident light passes through the light modulating layer. 

Although some part of the incident light is absorbed by the dichroic dye, 
the light transmittance is far higher than that of a conventional liquid crystal electro- 
optical device of IPS-mode driving which uses a polarizing plate. A brighter display 
is realized in this manner. 
20 As for the driving of the liquid crystal, by virtue of the switching of liquid 

crystal molecules by an electric field that is parallel with the substrates, the viewing 
angle dependence, which is strong in conventional liquid crystal displays, can be 
reduced. 

Further, because of the elimination of a polarizing plate forming step, a 
25 liquid crystal electro-optical device can be manufactured by a smaller number of steps 
than a conventional IPS-mode device. 

Next, a description will be made of reasons for restricting the ranges of the 
various parameters. The characteristics of the liquid crystal electro-optical device of 
the invention depend on the cell parameters including: 
30 (1) cell thickness d; 

(2) interelectrode distance L; 

(3) refractive index anisotropy An of a liquid crystal; and 
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(4) spiral pitch p. 

To allow the light modulating layer to absorb natural light, the refractive 

index anisotropy An and the spiral pitch p are so set as to satisfy n a An • p. The 

pith p is defined as a distance necessary for liquid crystal molecules to form a spiral of 
360°. 

The light modulating layer satisfying this condition can efficiently absorb 
respective polarization components of incident light. 

Where the parameters do not satisfy the above relationship, part of the 
polarization components of light incident on the light modulating layer are not 
absorbed, which means that a complete dark state is not realized since a light is 
transmitted even inn the dark state. ITiis is a factor of reducing the display contrast. 

In the invention, the light absorption by the light modulating layer can be 
made more efficient by decreasing the spiral pitch p. Thus, the display contrast can 
further be enhanced. 

However, if the spiral pitch p is made too small, the threshold value 
increases to require a large drive voltage, which means a large power consumption. 
This impairs the low power consumption characteristic of a liquid crystal display. 
This problem is common to both of the multiplex and active matrix liquid crystal 
displays. 

In addition, a large drive voltage means a heavier load on thin-film 
transistors. This reduces the durability of a display. 

Another problem caused by the reduction in spiral pitch p is a 
phenomenon that the steepness of switching around the threshold of a liquid crystal 
material is lowered. That is, if the spiral pitch p made too small, high-speed switching 
cannot ba attained. In this case, in switching from a voltage non-application state to 
a voltage application state, a light absorption state continues for a certain time, that is, 
a transition to a light transmission state is not effected quickly. 

Conversely, in switching from a voltage application state to a voltage non- 
application state, a transition to a light absorption state is not effected quickly, that is, 
the light modulating later transmits light for a certain time. As such, it becomes 
difficult to realize a display device capable of high-speed display. 

As described above, a tradeoff relationship exists between the contrast 
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and the threshold characteristic, and depends on the spiral pitch. 

In the invention, the spiral pitch p \fm] is set in a range of 1 s p ^ 15. In 
this range, both of the contrast and the threshold characteristic are improved to 
secure good display state of a display device. 
5 The display characteristics also depend on the cell thickness d as well as 

the viscosity of an added optically active substance and the spiral pitch p of a liquid 
crystal. 

To reduce the influences of the above factors, a dichroic dye, whose 
viscosity increasing effect when added to a liquid crystal layer is considered small, is 
10 used. 

Results of a study on the influences of the cell thickness d with the use of 

azo dyes as the dichroic dye will be described below. It is assumed that the spiral 

pitch p of a liquid crystal is set constant by properly adjusting the amount of an 

added optically active substance. 
15 The threshold characteristic, the contrast, the rise time, and the uniformity 

of switching in the cell thickness direction depend on the cell thickness of the entire 

light modulating layer having a given spiral pitch p. 

As the cell thickness d decreases, the threshold value increases, that is, the 

drive voltage increases. As a result, it becomes difficult to drive TFTs with a small 
20 power consumption, and a voltage higher than the voltage setting range of 

conventional drive circuits is required. This requires a new circuit design. 

However, if the cell thickness is increased, the electric field intensity 

becomes non-uniform. Further, there occurs a variation in the rise time of a liquid 

crystal etc. (i.e., the time necessary for a liquid crystal etc. to be varied so as to be not 
25 only parallel with the substrates but also in a determined direction) at the time of 

voltage application. This causes fluctuations in displayed colors at the time of a hue 

transition by a dichroic dye. 

Further, the contrast is lowered as the cell thickness d increases. Therefore, 

to improve the contrast, the cell thickness d is desired to be decreased. 
30 In the invention, in particular, the cell thickness d |/an] is set in a range of 1 

^ d ^ 10. In this range, relatively good display performance is obtained in terms of the 

threshold value, contrast, rise time, uniformity of display in the cell thickness 
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direction. 

It has been confirmed that the contrast is improved by increasing the 
orientation twist angle n of liquid crystal molecules. 

On the other hand, if the twist angle n is too large, the rise characteristic 
in applying an electric field and that in removing an electric field do not coincide with 
each other, which is undesirable for a display device. 

To obtain satisfactory contrast and threshold characteristics, it is preferable 
that the twist angle n be in a range of n s 300°. 

The reasons why the interelectrode distance L is set shorter than 25 fun 
will be described below. 

First, a description will be made of how dichroic dye molecules are 
oriented by an electric field. Dichroic dye molecules are oriented in the same 
direction as the light modulating layer. When a lateral electric field is applied, 
switching so made that major axes of the light modulating layer become not only 
parallel with the substrates but also in a determined direction. Dichroic dye molecules 
are re-oriented accordingly, that is, they are re-oriented so that their major axes 
become not only parallel with the substrates but also in a determined direction. 

In the invention, a positive dichroic dye is switched by a lateral electric 
field. Therefore, even during application of an electric field, a certain level of light 
absorption occurs due to light absorption in the major-axis direction of dichroic dye 
molecules. 

There occurs no light absorption by a positive dichroic dye during driving 
by a longitudinal electric field because of vertical orientation of dichroic dye 
molecules. That is, in theory, it is unavoidable that the contrast of the driving method 
using a lateral electric field is lower than that of the driving method using a 
longitudinal electric field. 

Thus, the profile of a lateral electric field formed determines the degree of 
light transmission of the light modulating layer. As described above, major axes of 
dichroic dye molecules are parallel with the substrates. However, since an electric 
field in the vicinity of an electrode is perpendicular to the substrates, dichroic 
molecules in the vicinity of the electrode are so oriented that their major axes are 
perpendicular to the substrates. 
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A positive dichroic dye has a large absorption coefficient in its major-axis 
direction while exhibiting almost no light absorption in its minor-axis direction. 
TTierefore, vertically oriented dichroic dye molecules in the vicinity of an electrode 
hardly absorb light. 

It is therefore concluded that the light absorption as a whole due to a 
dichroic dye is smaller as the interelectrode distance L is shorter. This is because an 
electric field rises more steeply from an electrode when the interelectrode distance L 
is shorter. 

In the invention, a light transmission state is established when a lateral 
electric field is applied. Therefore, the contrast as a whole can be improved by 
increasing the transmission light quantity at the time of electric field application. That 
is, a shorter interelectrode distance L is desired in terms of contrast. 

The interelectrode distance L also influences the threshold characteristic. 
As the interelectrode distance L becomes longer, both of the threshold value and the 
drive voltage are increased, which makes it difficult to realize low-voltage driving. 

An experiment in which the interelectrode distance Lwas varied revealed 
that relatively good contrast can be obtained when L < 20 /an. 

Fig. 3 schematically shows a dark state in which the light modulating layer 
does not transmit incident light. As seen from Fig. 3, a spiral orientation state is 
established in the light modulating layer such that the orientation vector of liquid 
crystal molecules 301 gradually changes its angle around the minor-axis direction of 
liquid crystal molecules 301 as the layer of liquid crystal molecules 301 is changed. 

Fig. 3 shows an orientation state in which major axes of liquid crystal 
molecules 301 and dichroic dye molecules 302 are rotated from the substrate 101 to 
the substrate 201 by 180° around the axis that is perpendicular to the substrates. 

When an electric field that is parallel with the substrates is not applied, 
dichroic dye molecules that are added to the liquid crystal are oriented in all 
directions around the axis that is perpendicular to the substrates, as shown in Fig. 3. 

Therefore, when part of natural light having any polarization direction 
enters the light modulating layer, there exist major axe components of dichroic dye 
molecules. In this case, most of the incident light is absorbed by such dye molecules, 
whereby black display is obtained. That is, there is obtained a state that the Uight 
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modulating layer does not transmit incident light. 

On the other hand, when an electric field is applied, as shown in Fig. 4, 
molecules constituting the light modulating layer 204 are so oriented that their major 
axes extend along the electric field direction that is parallel with the substrates. 

Therefore, although part of incident natural light whose polarization 
component is parallel with the major-axis direction of molecules is absorbed, the other 
part of the incident light is hardly absorbed and passes through the light modulating 
layer. Thus, a transmission state, i.e., a light state is obtained for a viewer. 

Both black and transparent states can be displayed by switching between 
the above electric field non-application and application states. 

A manufacturing process of the liquid crystal electro-optical device of Fig. 
2 will be hereinafter described. Fig. 2 is a schematic sectional view of the liquid 
crystal electro-optical device of the embodiment. This liquid crystal electro-optical 
device uses, as one of the two substrates, a substrate on which TFTs, wiring lines, and 
other parts are formed as shown in Figs. lA and IB. Fig. lA is a schematic top view 
of a pixel section, and Fig. IB is a schematic sectional view taken along line A-A' in 
Fig.lA 

First, a 2,000-A-thick silicon oxide film as an undercoat film 102 is formed 
on a glass substrate 101 by plasma CVD or thermal CVD. 

It is desirable that a non-alkaline glass such as Coming #1737 or a quartz 
glass be used as the substrate (hereinafter called "TFT substrate") 101. When it is 
intended to reduce the weight of the liquid crystal electro-optical device, a fikn with a 
low degree of birefringence, such as PES (polyethylene sulphate), may be used. 

Next, an amorphous silicon film is formed by plasma CVD at a thickness of 
300-2,000 A, for instance, 500 A. 

To effect crystallization, thermal annealing is then performed at less then 
600% preferably less than 550% To enhance the crystallinity, further aimealing may 
be performed by using laser light or equivalent strong light. 

In particular, the crystallization is accelerated by adding a catalyst element 
for accelerating crystallization such as nickel to the amorphous silicon fibn in the 
thermal crystallization step. This enables formation of a polysilicon film that is high in 
crystallinity on an inexpensive glass substrate. Details are described in Japanese 
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Unexamined Patent Publication No. Hei. 6-244103. 

A resulting silicon film is etched into an island-like silicon film 103. 
Thereafter, a silicon oxide film as a gate insulating film 104 is formed by plasma CVD 
using TEOS at a thickness of 500-1,200 A, for instance, 1,000 A. 

Subsequently, an aluminum film is formed by sputtering at a thickness of 
2,000-6,000 A, and then patterned into a gate line 105 of 8 ;mi in width. 

A700-A-thick dense anodic oxide film 106 is formed on the surface of the 
gate line 105 by anodization in which a weak acid solution is used as a formation 
liquid. The anodic oxide film 106 has a function of protecting a gate electrode 
mechanically and electrically. 

Next, conductive regions 107 are formed by implanting impurity ions into 
the island-like silicon film 103 in a self-aligned manner by using the gate line 105 as a 
mask and thereby imparting n-type or p-type conductivity to the ion-implanted 
regions. One of the conductive regions 107 becomes a source region and the other 
becomes a drain region. 

It is effective to employ what is called a monolithic structure in which 
peripheral driver circuits (not shown) constituted of polysilicon TFTs are formed 
outside and adjacent to the active matrix region. In this case, both p-channel and n- 
channel TFTs are formed (complementary configuration). 

A silicon nitride film as a first inleriayer insulating fihn 108 is formed on the 
above structure by plasma CVD at a thickness of 3,000-6,000 A, for instance, 4,000 
A. Instead of the silicon nitride film, a silicon oxide film or a multilayer film of a silicon 
oxide film and a silicon nitride film may be formed. 

Thereafter, contact holes are formed by etching the first interiayer 
insulating film 108 at positions corresponding to the source and drain regions. An 
aluminum film or a multilayer film of titanium and aluminum is formed by sputtering or 
the like at a thickness of 2,000-6,000 A, for instance, 3,000 A, and then patterned into 
a source line 109 (width: 6/mi) and a drain electrode 110 (width: 8 fmi). 

A transparent organic (polyimide or acrylic) resin film as a second 
interiayer insulating film 111 is formed on the above structure at a thickness of 4,000- 
10,000 A, for instance, 5,000 A. It is apparent that an inorganic material such as 
silicon oxide, silicon nitride, or silicon oxynitride can be used to form the interiayer 
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insulating film 111. However, the use of an organic material (polyimide or acrylic) has 
an advantage that asperities of electrodes, elements, etc. can be planarized. 

Subsequently, a conductive coating of aluminum, copper, chromium, 
titanium, ITO, or the like is formed by a known method such as sputtering, and then 
patterned into a common line 112 of 8 /mi in width. The interval H between the drain 
electrode 110 and the common line 112 is set at 12 /rni. As shown in Fig. lA, the drain 
electrode 110 and the common line 112 are formed parallel with each other. 

Although each electrode has a rectangular cross-section as shown in Fig. 
IB, it may have a trapezoidal cross-section with a slope or have a curved cross- 
section. In the latter case, isotropic plasma etching or wet etching is performed after 
formation of a photoresist. 

A silicon oxide film (not shown) as a protection film may be formed at a 
thickness of 5,000-10,000 A, for instance, 5,000 A. 

Next, as shown in Fig. 2, after a sealing member 202 made of an epoxy 
resin is formed on a peripheral portion of the substrate 201, the substrates 101 and 
201 are bonded together, to form a cell. 

In this embodiment, spherical spacers 203 of 4 //m in diameter are 
interposed between the two substrates 101 and 201 to make the substrate interval 
. uniform over the entire panel surface. The TFTs, the wiring lines, and other parts that 
are shown in Figs. LA and IB are not shown in Fig. 2. 

The sealing member 202 need not always be made of an epoxy resin, and 
there is no problem even if some other resin such as an urethane acrylate type resin is 
used. Further, the spherical spacers 203 may be made of either an organic or 
inorganic material. 

In this embodiment, the cell thickness is set at 4 /an. 

Subsequently, a liquid crystal etc. are injected between the two substrates 
101 and 201 by vacuum injection or a like method to form a light modulating layer 
204. The material of the light modulating layer 204 is a mixture of a liquid crystal 
material, a dichroic dye, and an optically active substance. 

In this embodiment, the liquid crystal material is ZLI-3200 (produced by 
Merck) in which an azo dye is added to a nematic liquid crystal material and which 
exhibits dielectric constant anisotropy of -4.8 and refractive index anisotropy of 
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+0.0437. The azo dye is added at 3.46%. 

The nematic liquid crystal material is not limited to the above one, but may 

be any material that exhibits nematic characteristics at the room temperature. 

It is desirable that the dichroic dye be highly soluble in a liquid crystal and 
5 photochemically stable. Specifically, it may be an azo dye, an anthraquinone dye, a 

naphthaquinone dye, a perylene dye, a quinophthalone dye, a tetrazine dye, a 

coumarin dye, or the like. 

The addition of a dichroic dye changes the viscosity of the liquid crystal 

(the light modulating layer 204), The viscosity variation depends on the kind of 
10 added dichroic dye: azo dyes exhibit a smaller viscosity increasing effect than 

anthraquinone dyes and other kinds of dyes. 

Further, S-811 (produced by Merck) as the optically active substance is 

added to the liquid crystal material, whereupon the liquid crystal material assumes a 

cholesteric phase at the room temperature. 
15 Fig. 3 schematically shows a dark state in which the light modulating layer 

204 does not transmit incident light. As seen from Fig. 3, a spiral orientation state is 

established in the light modulating layer 204 such that the orientation vector of liquid 

crystal molecules 301 gradually changes its angle around the minor-axis direction of 

liquid crystal molecules 301 as the layer of liquid crystal molecules 301 is changed. 
20 In Fig. 3, liquid crystal molecules 301 and dichroic dye molecules 302 are 

shown schematically and are not drawn on the same scale as the substrates 101 and 

201. The IMS, the wiring lines, and other parts (see Figs. lA and IB) and the spacers 

and the sealing member (see Fig. 2) are not shown in Fig. 3. Actually, liquid crystal 

molecules 301 and dichroic dye molecules 302 exist infinitely between the substrates 
25 101 and 201. Further, the optically active substance (not shown) is not limited to the 

above-mentioned material, and may be any material as long as it is soluble in the 

liquid crystal material. 

In this embodiment, the addition amount of the optically active substance 

is so adjusted that the spiral pitch p becomes 8 fmi. With such an adjustment, an 
30 orientation state is established in which major axes of liquid crystal molecules 301 

and dichroic dye molecules 302 rotate from the substrate 101 to the substrate 201 by 

ISO'' around the axis that is perpendicular to the substrates. 



In the liquid crystal electro-optical device of this embodiment, when no 
electric field is applied between the drain electrode 110 and the common electrode 
112, whose interval is denoted by L, dichroic dye molecules 302 that are contained in 
the liquid crystal material are oriented in all directions around the axis that is 
5 perpendicular to the substrates 101 and 201. 

In this state, when part of natural light having any polarization direction 
enters the light modulating layer, there exist major axe components of dichroic dye 
molecules 302. Therefore, the incident light is absorbed by such dye molecules 302, 
whereby black display is obtained. That is, there is obtained a state that the light 
10 modulating layer 204 does not transmit incident light. 

On the other hand, when an electric field is applied, as shown in Fig. 4, 
molecules constituting the light modulating layer 204 are so oriented that their major 
axes extend along the electric field direction that is parallel with the substrates 101 
and 201. 

15 Therefore, although part of incident natural light whose polarization 

component is parallel with the major-axis direction of molecules is absorbed, the other 
part of the incident light is not absorbed and passes through the light modulating 
layer 204. Thus, a transmission state, i.e., a light state is obtained for a viewer. 

Both black and transparent states can be displayed by switching between 

20 the above electric field non-application and application states. 

In this embodiment, an orientation film may be provided on at least one of 
the substrates 101 and 201 to exert orientation restricting force on the liquid crystal 
etc. Due to its orientation restricting force, the orientation film realizes uniform 
orientation of the liquid crystal, whereby a display device with little unevenness in 

25 color can be obtained. In addition, the occurrence of orientation defects such as 
disclinations can be reduced. 

As described above, the invention can provide a superior liquid crystal 
electro-optical device which is bright and has a low degree of viewing angle 
dependence. 
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